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Time of drug addition assay
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Figure. 1 The structure of PD 404182 (1).
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Table 1. Synthesis of PD 404182 derivatives.
cHo diamines NaH

Iy, K,CO; /j _CS,
{-BuOH “DME
70°C 80 °C

(1) NaOH
MeOH-H,0
‘\)\ ref!ux
(2) BrCN
/g EtOH /RNH
reflux
entry  yield of 3 yield of 4 yield of 1
N
|/j " 11 l\‘ o 11 ]/Nj
2 x Rg > s’gNH
1 3a:R=H,X=F 4a:R=H(86%) la:R=H
(71%) (61%)
2 3b: R=0Me, X 4b:R=0Me 1b: R =0OMe
=F (67%) (95%) (61%)
3 3c:R=Me,X= 4c:R=Me 1c:R=Me
Br (88%) (88%) (68%)
4 3d: R=F X = 4d:R=F 1d:R=F
Br (97%) (76%) (52%)

3? gi sod

5 3e (90%) 4e (quant.) le (63%)
N N N
| 1 |
Z ] /uj KIL/Nj 4 ] /Nj
SN B SN s"*s SN s’gNH
6 3f (95%) 41 (71%) 1f (32%)




Table 2. Synthesis of PD 404182 derivatives.

diamines
Io, KgCO;
t-BuOH
70°C
2

NaH MS4A

_+BUNCS (L _TEA,
DMF reﬂux
80°C /&Nt Bu

yield of 5

entry vield of 3

N N N
6 | 11 [ 1 |
squ 10/ 10/
x X

vield of 1

RL
4 : *Nl Bu /KNH
1 3a:R=H,X=F Sa:R=H la:R=H
(71%) (62%) (85%)
2 3g:R=4-Br,X= 5g:R=9-Br 1g: R =9-Br
F (81%) (88%) (91%)
3 3h: R =4-CF;, X 5h:R=9-CF; 1h: R=9-CF;
=F (65%) (64%) (84%)
4 3 R=4-NO,, X= 5i: R=9-NO, 1i: R = 9-NO,
F(97%) (62%) (63%)
S 3j: R=3Br, X 5j:R=8-Br 1j: R=8-Br
=F (69%) (95%) (71%)
6 3k: R = 5Br, X 5k:R=10-Br 1k: R = 10-Br
=F (79%) (77%) (89%)
7 3: R=6-F,X= S5LR=11-F 1: R=11-F
F (78%) (73%) (90%)
I ’N> 2 > ! ;>
H
Br S/KNf-Bu S*NH
8 3m (68%) Sm (49%) 1m (57%)

Scheme 1. Synthesis of derivatives bearing nitrogen
functional group.

Hy N|/j
Pd/C
1 —— N
EtOH /g
7%  HoN S NH

6
N
5i NaOMe |/j
" (CHy0), /@fk N
2
PalC NeBH, MeHN s ur
tOH ;
t 91% Ms4A, TFAT— 8R = -Bu
74% reflux, 37% 9 R =H
ACzO
TERN
’J*Nt Bu CHth'z AcHN /J*N R
™ MS4A, TFA[— 10R = t-Bu
reflux, 68% 11 R=H

NaN02
AcOH /@\/K
H,0
NaNa *N R
0

MS4A, TFA 12R =t-Bu
reflux, 30% 13R=H

LR EREOBRIEIZLVERLEZ, T 1
Fb Fevl IVUFERIICK LT, tert-
TFNA I FFT R— & DFEFLERE

Scheme 2. Synthesis of the compounds containing other

heteroatoms.
H,0, reflux
(2) triphosgene
Et3N CH2012 /&

61%
Cu(OAc), Lawesson's
@\)\ BOCNHz <J\/k reagent <)\/L
O,, DMF xylene
i /& reflux A

130°C
53% 19%

@ﬁ

(1) NaOH
MeOH

(1) Cu(OAC),, TsNH,

0O,, DMF, 130 °C
(2) triphosgene
EtsN, CH,Cl,
0°C, 47%
N Cu(OAc), triphosgene
{ _H0,02 _TMEDA
N TomF TeHCh /j%
H 130 °C; 0°C
15 TMEDA 70%
thuophosgene
CH20I2 d
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NH, silica gel NHTs 70°C
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22 80%
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(2) BrCN
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Table 3. Anti-HIV activity of PD 404182 and the related
compounds.

10 2 N
R9 S YS/&Z
7
entry R Y VA n ECso (uM)
1 H S NH 1 0.44
2 H N o 1 8.94
3 H S S 1 > 10
4 H N NH, 1 >10
5 H NH S 1 >10
6 H NH O 1 >10
7 H NTs O 1 >10
8 H o S 1 >10
9 H (¢} ¢} 1 >10
10 9-OMe S NH 1 0.57
11 9-Me N NH 1 0.49
12 9-F S NH 1 0.49
13 9-CF, S NH 1 053
14 9-NO, S NH 1 1.13
15 9-NHMe S NH 1 >10
16 9-NH, S NH 1 >10
17 9-NHAc S NH 1 >10
18 9-N; S NH 1 0.43
19 9-Br S NH 1 0.25
20 8-Br S NH 1 >10
21 10-Br S NH 1 0.23
22 11-F N NH 1 1.67
23 H S NH 0 >10

Figure 2. Anti-HIV activity of the related compounds.
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Figure. 1 Structure of PD 404182 (1), and the potent

anti-HIV derivatives (2- 4).
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1.0 11 I/j 4
YL 0L
9
R? S/gNH s’k NH
4 (ECs0 = >10 uM)

8

1 (PD 404182,

R',RZ = H, ECsq: 0.44 pM)
2 (R'=H,RZ=Br, ECyy 0.24 uM)
3 (R'=Br, R? = H, ECsq: 0.24 pM)
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Scheme 1. Synthesis of PD 404182 derivatives.

N-arylation
m N@
10 = ()

(1) Pd(OAc),, t-BusP
NHMe, KOt-Bu

THF, toluene 10
Br— (2) TFA, MS4A MezN—
/&Nt Bu CHClg /g
5 (9-Br) 7 (9-NMey)
6 (10-Br) 8 (10-NMey)

Uliman coupling
(1) CuBr, NaOMe

N
MeOH, DMF_ MeO ’/Nj @
(2) TFA, MS4A L
CHCl3 S7 NH
)

Suzuki-Miyaura coupling
(1) R-B(OH), or R-Bpin
Pd(PPh3)4

PACly(dppf)-CH,Cl Nl/j
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50r6 —_— 10 0 7 3)
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Scheme 2. Synthesis of PD 404182 derivatives.

2-fluorobenzaldehyde N
HoN by, K,CO3 | R
> N M
HoN t-BuOH H
12a-c 133 -C
t BuNCS MS4A />
/& TFA
Nf-Bu CHCly
14a -C 15a -C
(1) 2-fluorobenzaldehyde N
HoN |2, K2CO3, t-BuOH |
N @)
HaN (2) Boc,O, Et3N Boc
DMAP, CH,Cl, F
16
TFA /> t- BuNCS
CH20|2
(I (I/gR

14d R = t-Bu

MS4A, TFA, CHCls [, 154 R = 1

SR LS5 HIV SE SR
EBRLLIZIEEWME . MAGL 7 v &A1 %[
W TR R 21T > 7= (Table 1-4),

Table 1. Anti-HIV activity of PD 404182 derivatives.

0
2

I
R! SANH

entry R! R’ ECsp (uM)
1 NMe, H 4.74
2 H NMe, 2.12
3 H OMe 0.53
4 Ph H 0.24
5 H Ph 0.24
6 CH,=CH H 0.18
7 H CH,=CH  0.40
8 PhCH=CH H 0.25
9 n-PrCH=CH H 0.24
10 n-Bu H 0.40

F9. N-T U —4kiz kv 9, 104702y
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MHENRZE L IET L7z (Table 1) EX NI
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Table 2. Anti-HIV activity of PD 404182 derivatives. Table 3. Anti-HIV activity of PD 404182 derivatives.

ey o0x
i Q S TNH Ar S/&NH
Ar

R® R’
R? ] entry

ECso (UM)

entry R! R? R® R’ ECso (WM) \
1 H H OMe H 0.24 1 . 0.20
2 H H SMe  H 0.20 OO
3 H H OCE;, H 038
4 H H coMe H 0.81
5 H H CN H 0.44 2 \ 0.39
6 H H CF, H 0.55 O
7 H H NO, H 0.46
8 H H CONH, H 8.71
9 H OMe H H 0.15 o A\
10 H 0i-Pr H H 032 3 < 0.15
T Ph H H 1.35 °
12 H CH(OH)CH, H H 119
13 H COMe H H 039 o
4 H CN H H 1.17 4 [ j@/\ 026
15 H NO, H H 126 o
16 H NHAc H H >10
17 H NHMs H H >10 \
18 H OH H H 2.62
19 OMe H H H 0.41 5 Nfl\/j/ 0.45
20 Ph H H H 032
21 H OMe OMe H 0.27
2 H cl OMe H 032 \
23 H OMe OMe  OMe 025 6 S 0.54
24 OMe H H cl 0.48 N
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Table 4. Anti-HIV activity of PD 404182 derivatives.

.o
S/gNH

entry R EC50 (HM)
1 3 ; 3.78
\)1
2 \/Nl/Nj/ 0.35
L

N
3 \)’\EL 0.24
4 \/NQD 0.31
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Figure 1. HPLC analysis of PD 404182 in medium.

HPLC conditions: 5-60% MeCN linear gradient in 0.1%
NH; aq. over 30 min.




Figure 2. Structure of compound 1.
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Figure 3 X-ray crystal structure of compound 1.
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Scheme 1. Synthesis of compound 32.
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7
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TBDPSO:LNPMB
O 28
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2. 4-nitrophenylchloroformate
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ﬁ

QO . OO
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Scheme 2. Synthesis of compound 44.
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QiHot  EtN, DMAP M8 ma:?”é’g't"'e
j CH,Cly, t J/ I L i B
2. LAH, o - 605"12
E,0,0°Ctort .
32 73% 33 94%
R ~—NPMB
% e e
. 60°C ! +-BuNCS
2. 2-fluoro-4-bromo {}1{ DMF
benzaldehyde r
NC N 1 KyCOq Br F 69%
{-BuOH, 70 °C, 11% 35
/‘NPMB /‘NPMB
1 TFA, MS4A
_reflux, 72%_
/g 2 PMBBr, KOt-Bu /g
Nt Bu DMF,0°Ctort Br NPMB
81%
/\NH
1-chloroethyichloroformate
Et3N, CH,Cl,, 0 °C;
MeQH, reflux /&
NPMB

38 (crude)

o} 39
1. NBS, AIBN,benzene, reflux
2. CaCO0g, Hy0, 1,4-dioxane, reflux, 45% (2 steps)
3. TBDPSCI, NaH, DMF, rt, 29%

4. 4-nitrophenylchloroformate
pyridine, CH,Cl5, reflux

O s omops

biotin-NH-(CH;CH,0)s5- (CHg)z NH,
EtsN, DMF, rt, quant.

N X
TBDPSO/\‘\”/‘/\O u,PEG—blotm
41
o}

1. HF -pyridine, THF, 0°C to rt, 73%
2. 4-nitrophenylchioroformate
pyridine, CH,Cly, reflux, 80%

OaN o) o)
\©\OJ\OO)I\”,PZG~biotin
l e}

38, EtzN, DMF, 1t

o} o
-/\N)LO O O O/U\N,PEG—biotin
N : H
|
/GEK“’
Br SANR

V) TR UHEREYE 32 & PMB L L T{LE D
33L L, v /=Y VEEREEREETE
AEEAZ T bEHIEEL, =N
JVEEDIBITICHEWT, BT 2 UMb
I EITVME A 35 & LTtk tert-T T VA
IFF TR — MEERAIE, LAY 36
&I ALE 36 DA I VERDORER Y
PMB EIZE# L, k7 I D PMB &%
BRI ET 5 2 & T, A RREE
PETHT IV 38 BB, —FHT, 44-
CAFNRS T = )V 39 DR UL

TFA, MS4A, rt, |: 43 R=PMB
36%, (from 42) = 44 R=H: ECsg = 5.1 uM)

D7 waeft, MAKSHHE, TBDPS 1k, 4—=
ha 7= BRI BTN,
LB 40 2B B4 TF T I > & RUR
/DB ET, ALEH 4 BB, T,
TBDPS EDORifRi#, 4—=tn 7 =)L A
X MR =L EITO LS 42 15T,
LB 38 LILEY 42 BHEE SET-1.
PMB R % iiRETAHZ LT, L&Y 4
(ECsp=5.1 uM) %457 (Scheme2),

(REE~DEE)
ZMEIEL (B @ E V2 ERR
EERN)

D. &%

Bonizu—7 T, EERLED L
g U CHt HIV IEE OB 3380 b,
Tru—7 L UTEALEEREDE ANE
HDETZBERBILTNAIENE LD
hé%@@\%ﬁimuMuTT%Dﬁ%
FEWZAWD=DIIZiE+miEEEH LT
wék%i%ﬂéo

E. #5

NBVREID GRS HEERE L B
FUoEBREANLEZTo T KX, TIVV
RENOGEALEY o —T7 0 2 FEEL AR
L7z,

1—5 ;L HVESENMNMFLEEBMDONLT 2
A =T14—70—J%AVEENSFR
EHE (FERK 23 £E)

A. BIREM

TRk 22 EEICERE L AT EHRE
EXRUY T ) URBRMEREREEFE TS
7v—7 (1, 2, Figure 1) ZH\ T, PD
404182 OFL HIV {EAIZBIT 2B DT %
RET 5,

B—C. MiRAE - ARER

F9. EFEERZ HIV O R G
faC& 5 HOIIB Mifd %2 AV TIT o 7, MR
% Eso7ra—7 (20 uM) FETF., 37C
TI1ERBA v F 23—k, f\)zﬂ/\’f UV %
SRR Uiz, MREEENR L, =00
L PBS TO¥HFEMEVIRLI-EZ, Miax
RIPA Nv 7 7 —TCr[EMb LT, mOLoEEE
TV, BRIy v R BEeET
(Scheme 1),



Figure 1. Structures of PD 404182-based probes and
competitive compound.
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Scheme 1. Protocols for the preparation of cell lysate
reacted with probes.

Incubation of cells (10°) with probes (37 °C, 1h)
UV irradiation (rt, 1 min)
Centrifugation (1500 rpm, 4 °C, 5 min)

PBS wash and Centrifugation (1500 rpm, 4 °C, 5 min)
Lysis (4 °€2, 30 min)

Centrifugation (13500 rpm, 4 °C, 15 min)

Collection of supernatant
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Scheme 2. Protocols for pull-down experiment and
western blotting (Sav-HRP).

Incubate of cell lysate with streptavidin beads (4 °C, 1 h)
Wash with RIPA Buffer(x 3)
Boiling in sample buffer (95 °C, 1 min)

SDS-PAGE (100 V, 2 h)

'

Blotting (10 V, 1.5 h)
Blocking (rt, 1 h)
Reaction with Streptavidin-HRP (4 °C, o/n)

Detection of chemical luminescence

Figure 2. Western blotting of probe reacted cell lysate.
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7.4 7.4
1. Probe 1 (20 u)
2. Probe 2 (20 uM) 6.2 6.2
3 Probe 1(20 uM)

+ Compd 1 (10 mil)

Figure 3. Western blotting of probe-reacted cell lysate.
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Figurel. Structure of compound 1.
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ECso = 0.32 £ 0.040 uM
CCsp = 10 uM
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Scheme 1. Synthesis of aldehydes 5. Reagents and
conditions: (a) hexamethylenetetramine, AcOH, 110 °C
or 130 °C; (b) Mel, K,CO3;, DMF, r1t; (c) FeCls,
NH,NH,-H,0, activated carbon, i-PrOH, 80 °C, then
4M-HCI/1,4-dioxane; (d) EtCOCI, pyridine, THF, rt; (e)
BnBr, K,CO;, 60 °C; (f) CBry, Et;N, EtNH,, PPh;,
CH,Cl,, rt; (g) H,SO,, HNO;3, 0 °C to 1t; (h) Fe, NH,CI,
i-PrOH, H,0, 90 °C; (i) EtCOC], Et;N, THF, 0 °C to 1t;
(j) EtOCOCI, Et;N, THEF, -10 °C, then NaBH,, MeOH,
0 °C to1t; (k) PCC, CHyCly, 1t

OH
CI -

CHO
5a (R = OH)
\ L (R = OMe)
NHCOEt
cn
|: 6(R= NHZ HCl)
7 (R = NHCOEt) e [ 5¢ (R OH)
5d (R = OBn)
OH OH
. R a GC CONHEt
——
C 8 (R = CO,H) CHO
9 (R = CONHEt) 5e
co2 CO,H
W1 (R=NOy) 14 (R CO,H)
E12 (R=NH,) E15 (R = CH,0OH)
13 (R = NHCOEt) 5f (R = CHO)

CHO CHO CHO



Scheme 2. Synthesis of compound 2. Reagents and
conditions: (a) PhNHNH,, AcOH, MeOCH,CH,OH,
105 °C; (b) PPhs, toluene, 110 °C; (c) »-BuLi, THEF, 0 °C,
then 5d, THF, 1t; (d) TMSI, MeCN, 80 °C.

e -

NH, O
17 [: 18 (R=Cl)

19 (R = P*PhyCl)

CN
. 7 NHCOEt
=N, N
N R
Ph
cl
20 (R = OBn)

d [ 2 (R=OH)

Scheme 3. Synthesw of compounds 3a-3c. Reagents and
conditions: () R3.NHNH,, EtOH, rt; (b) 5, PPTS,
toluene, reflux, LiBHy, THF, 0 °C to rt; (c) 5, TsOH,
toluene, reflux, then NaBH,, EtOH, 0 °C to rt; (d) FeCls,
NH,NH,'H,0, activated carbon, i-PrOH, 80 °C, then
4M-HCV/1,4-dioxane; (¢) RCO,H, EDC, HOBt, DIPEA,
DME, 45 °C.
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Scheme 4. Synthesis of compound 3d. Reagents and
conditions: (a) Ar-B(OH), or Ar-Bpin, Pd(dba),, PCys,
K3PO,, 1,4-dioxane, H,O, 80 °C.
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Figure 2. Structures of compounds 2 and 3aa.
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[: l : Cl
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Table 1. SARs on linkage moiety.

compound ECso (uM)”
1 0.32+0.04

2 0.44+0.12

3aa 0.36+0.11

7 ECs, values represent the concentration of compound required
to inhibit the HIV infection by 50%.



Table 2. SARs on benzyl group.

CN -
‘NN 2
H R

@ ¥

compound R! R? R® ECso” (UM)
3aa NHCOEt OH Cl 0.36+0.11
3ab NHCOEt H Cl >10
3ac NHCOEt OMe (I >10
3ad NHCOEt OH H >10
3ae NHCOEt OH Me >10
3af NHCOMe OH Cl >1.0°
3ag NHCOn-propyl ~ OH Cl 3.30+0.89
3ah NHCOnr-pentyl OH Cl >10
3ai CONHEt OH <l >1.0°

“ ECso values represent the concentration of compound required
to inhibit the HIV-1 infection by 50%. ® Cytotoxicity was
observed at 10 pM

Table 3. SARs on pyrazole ring.

RZ R3
)/_ﬁ\ NHCOEt
NG~N
N H/\Q\OH
R1
Ci
compound R! R? R} ECs” (uM)
3aa Ph Me CN 0.36+0.11
3ba Ph H CN >1.0°
3bb Ph Me H >10
3be Me Me CN >10
3bd c-hexyl  Me CN >1.0°
3be Ph Et CN >10
3bf Ph Ph CN >10
3bg Ph Me COMe >1.0°

“ ECsp values represent the concentration of compound required
to inhibit the HIV-1 infection by 50%. ° Cytotoxicity was
observed at 10 uM

T 5EY 3aa 1TV T b Y — NMEEd 1
WIEET 21EMHEEZ R L, 2 OBENRY
T EEOSME L LTRIERRETHD Z
MR ENT (Table 1), #2C, L0iE
PEE D 3aa & b & ICHEETE AR &
BB L7,

9. AR EUREOBREORE
WEWESRMEZ MR L7z (Table2), £9°, /KfEE
ErrnniErBELLZE A, EENH
U7z (3ab, 3ad), W\ T, KEEZE A
T, b LL<IE, Zueui i AFEI
B LIS, WL bIEEIIM E L2
7= (3ac, 3ae), IO DRI, KEBES
7 aa i, EWgTEOMEERZEICE
WTEERKREZRZLTNDZ & ERE
LTW5, HW\WT, 7 REEICOWTH
L7z, LrL7ans, TR LEEEZEL
Li=8BEb, B LEBETHEEHIMET
L7z (3af-3ah), 728, {LE&W 3af & 3ai
TIL 10 pMIZ BV THIBSEEDN R BTz,

Table 4. SARs on aryl group on pyrazole moiety.

eN NHCOE
M COEt
NN
N" R OH
Ar
cl
compound Ar ECs” (UM)
i “R
3aa R=H 0.36£0.11
3ca R =0Me >10
3ch R=Me 0.37+0.11°
3ce R=Br >0.1°
3ed R=F 0.33+0.12°
3ce R =CF; >0.1°¢
3ef R=NO, >1.0°
3cg R=Ph 0.13 +0.03°
3ch R = NHCOCH, >10
3ci >1.0°
Me
3¢ @/ Me >1.0°
3ck /@\ >1.0°
cl cl
3l O >1.0°
3cm >1.0°
3cn | SN >0.1¢
=
3co | X >10
_N
3cp | SN >1.0°
P
3eq >10
N > |

“ECs values represent the concentration of compound required
to inhibit the HIV-1 infection by 50%. ® Cytotoxicity was
observed at 10 pM. © Cytotoxicity was observed at 1.0 uM.

Wiz, BT =R EOBEBEGR AR
StL7- (Table3), 3-AFNER 427 ) K
ERRELEZEZA, EERKEBIZIETLE



(3ba, 3bb), £/, NUEBUBROATIL
Hov 7 a~nF Y VBRSO, 3-AF)v
EDTFNEST = )VE~DOTH, 7
JEDRA NI NR o VEA~DERLE X
F & et AT o BN EMEE R E L)
-7z (3be, 3bg).

B9V — U N-1 LD T = =)V 3& FDOEH
HEoh B A e L7 (Tabled4), XUEFUEROD
ABLNCAFNVESL T VG OE, To=)b
HAEALLEZ A, 3aa ERENEVE
2R T HIHEENIE LN (3cb, 3ed.
3cg), —H T, A RFVESTERE, b
VondaAFLE =haik 7TEFL
7 EEEALESGE TIHEEOE TR
o 67 (3ea. 3ce. 3ce. 3ef, 3ch), /%
FHRL. A BALAD A F )V ELDE A JEMED
KT L7 e, 3¢j), £, 30k Six
Cr7uofb L LB T, EHOET N
WO (Bek), V=)V EE, FTT
VEE, U UNVE, X U SV EICER L
7o & ZAEMEIET L7z (3el-3cq),

BT, BEFREEEsRLIEE 7 2 =1
K3eg b LIZE bR EFEEFERLE]
T A0, m-T o VEOBRESES
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Table 5. SARs on biaryl group on pyrazole moiety.

CN
}/__ﬁ\ NHCOEt
N. N
N°H OH
Q, "
Ar
compound Ar ECsy” (UM)
3da / R R=0Me >0.1°
3db R=Me >0.1¢
3de R=Cl 0.25+0.13°
3dd R = OMe >0.1°

R=Me 0.06 +0.01°

R=Cl >0.1°

3de
3df

3dh R=Me 0.10 £ 0.04°
3di R=Cl >0.1¢

/\@/R
3dg /\@\ R =0OMe >0.1°
R

Cl

7]

3dj 0.05%0.01¢
cl
3dk / >0.1¢
3dl / [ >1.0°
/N
/I~
N

@ BCs values represent the concentration of compound required
to inhibit the HIV-1 infection by 50%. ® Cytotoxicity was
observed at 10 uM. ° Cytotoxicity was observed at 1.0 pM.
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